AD

Award Number: DAMD17-98-1-8145

TITLE: Study of the Regulation of Telomere Replication by
Characterizing the Cdcl3p Pathway in Yeast

PRINCIPAL INVESTIGATOR: Haiyan Qi, Ph.D.

CONTRACTING ORGANIZATION: Princeton University
Princeton, New Jersey 08544-0036

REPORT DATE: January 2000

TYPE OF REPORT: Annual Summary

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for public release;
distribution unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

Du.‘u udnadid L

200’\02’\6 063




TAml WiV AW WA ITIEs Y I 7L IWIV § AN b I IVID INU. VI 4=V 100

PuBiic reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing insiructions, searching existing data sources, gathering and maintaining
the data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of
Management and Budget, Paperwork Reduction Project (0704-0188), Washington DC 20503

1. AGENCY USE ONLY (Leave 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
blank) January 2000 Annual Summary (1 Jan 99 - 31 Dec 99)
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Study of the Regulation of Telomere Replication by Characterizing the DAMD17-98-1-8145
Cdc-13p Pathway in Yeast

6. AUTHOR(S)
Haivan Qi, Ph.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Princeton University REPORT NUMBER
Princeton, New Jersey 08544-0036

EMAIL 1 gi@molbio.princeton.edu

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for public release; distribution unlimited

13. ABSTRACT (Maximum 200 Words)}

Telomeres are repeated double stranded DNA sequences at chromosome ends with G rich
3/-ends (G-strand) and C rich 5‘’-ends (C-strand). Telomerase is the telomere G-strand
synthesis enzyme. Recent data suggested that telomere replication might be involved in
the origin or progression of cancer and aging. Understanding telomere replication might
offer ways for screening drugs against and preventing cancer and aging.

The conservation of DNA replication and telomere structure has made yeast a good
system to study telomere replication. An essential telomere protein in budding yeast,
Ccdcl3p, has been proposed to bind telomeres to limit C-strand degradation and to recruit
telomerase to telomeres. These steps are necessary for telomere replication. To better
understand telomere replication, a two-hybrid assay was used to identify proteins
interacting with Cdcl3p. We found Pollp, the catalytic subunit of DNA polymerase O (pol
o), and Estlp, a telomerase component, interacted with Cdcl3p. These interactions were
confirmed by biochemical criteria. Disruption of the Pollp-Cdcl3p interaction resulted in
longer telomeres. Data suggested that the pol a is the C-strand resynthesis enzyme. The
balance of the opposite movements of telomerase and Pol o during telomere replication is
one of the mechanisms to control telomere length. Cdcl3p is a key protein to control this
balance through interaction with Estlp and Pollp. These data should help us to further
understand mammalian telomere replication.

14. SUBJECT TERMS 15. NUMBER OF PAGES
Breast Cancer 7

16. PRICE CODE

17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified Unclassified Unlimited
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. 239-18
298-102




FOREWORD

Opinions, interpretations, conclusions and recommendations are
those of the author and are not necessarily endorsed by the U.S.
Army .

HQ Where copyrighted material is quoted, permission has been
obtained to use such material.

HQ Where material from documents designated for limited
distribution is quoted, permission has been obtained to use the

material.

HQ Citations of commercial organizations and trade names in this
report do not constitute an official Department of Army
endorsement or approval of the products or services of these
organizations.

N/A In conducting research using animals, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory Animals,"
prepared by the Committee on Care and use of Laboratory Animals of
the Institute of Laboratory Resources, national Research Council
(NIH Publication No. 86-23, Revised 1985).

N/A For the protection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

N/A In conducting research utilizing recombinant DNA technology,
the investigator(s) adhered to current guidelines promulgated by
the National Institutes of Health.

N/A In the conduct of research utilizing recombinant DNA, the
investigator (s) adhered to the NIH Guidelines for Research
Involving Recombinant DNA Molecules.

N/A In the conduct of research involving hazardous organisms, the

investigator (s) adhered to the CDC-NIH Guide for Biosafety in
Microbiological and Biomedical Laboratories.

///za;7 — (/27 /50

PI - ﬁignature Date




Table of Contents

FOIOWOIG. ... o iitiiintientessnssnssensiaessestssssensssestrasnsssssonsnennssenssasnssssssnsanssn

Table Of CONtENES...cuviiiiririrrarireeitresesrariarrenreesssestaresrareerasrosensanssrnarss

Research SUMMAry.....c...occcveiiiiiiiinniii s 34

Appended to the Summary.......c.ccccoviiviiiiiiiiinn 5




-INTRODUCTION

Telomeres are repeated double stranded DNA sequences at chromosome ends
with G rich 3’-ends (G-strand) and C rich 5’-ends (C-strand). Telomerase is the telomere
G-strand synthesis enzyme. Recent data suggested that telomere replication might be
involved in the origin or progression of cancer and aging. Understanding telomere
replication might offer ways for screening drugs against and preventing cancer and aging.

The conservation of DNA replication and telomere structure has made yeast a
good system to study telomere replication. An essential telomere protein in budding
yeast, Cdc13p, has been proposed to bind telomeres to limit C-strand degradation and to
recruit telomerase to telomeres. These steps are necessary for telomere replication.
Cdc13p might be a key regulatory protein in telomere synthesis.

BODY:

The purpose of the project is to further study telomere replication and its
regulation using budding yeast as a model system. Since Cdc13p might be an important
regulatory protein in yeast telomere replication, it might be expected to interact with
numbers of telomere proteins such as: telomerase components, telomere replication
proteins or/and their regulatory proteins, telomere structure proteins or/and proteins that
regulate Cdc13p activities. Identifying these proteins and studying their interactions and
the importance of the interactions might give us more knowledge about telomeres and
telomere replication. Dr. Virginia A. Zakian is a pioneer in yeast telomere studies. Her
lab not only discovered the Telomere Position Effect on transcription of nearby genes and
on recombination of nearby DNA sequences, also identified the C-strand degradation as a
necessary step before telomerase action. Princeton University has an excellent science
research environment. Study yeast telomere replication in her lab in Princeton University
will benefit my future.

To further study telomere replication, we planned a two-hybrid assay to screen
and identify proteins interacting with Cdc13p. An N-terminal fragment of Pollp, the
catalytic subunit of DNA polymerase o (pol o), was isolated form the library screen.

The interaction was confirmed by a immunoprecipitation using endogenously expressed
proteins. In order to understand the importance of the interaction, Pollp mutations that
disrupt or reduce the interaction with Cdc13p in the two-hybrid system were generated by
random PCR mutagenesis. In this period time supported by DAMA17-98-1-8145, 1
isolated three mutations that disrupt the two-hybrid interaction and had normal protein
expression. They clustered in a very small region of Pollp: D236N, E238K and P241T.
The mutations were then integrated into the POLI locus so that the only copy of Pollp is
the mutated form. Strains that express the mutated pollp had elongated telomeres but
showed no noticeable growth defect and abnormal telomere structure such as long G-
tails. The degree of the elongation of telomeres was correlated to the extent of the loss of




the Cdc13p-Pollp two hybrid interaction. These data indicated that the Cdc13p-Pollp
interaction is specific for telomere replication, not involved in overall DNA replication.

To confirm the longer telomere phenotype in the Pollp is due to the loss or
reducing of Cdc13-Pollp interaction, two-hybrid mutations in Cdc13p were also
generated by PCR mediated mutagenesis. Numbers of mutations were identified to loss
or reducing the two-hybrid interaction with Pollp. They spread over Cdc13p. Two of the
mutations were integrated into the CDCI3 locus on chromosomes. Consistently, strains
carried the mutation alleles of cdc3 also showed the same phenotype as poll mutations:
longer telomeres.

We also found that a C-terminal fragment of Est1p, protein required for
telomerase activity in vivo, interacts with Cdc13p in the two hybrid assay. In this period
time supported by DAMD17-98-1-8145, I confirmed the interaction by a biochemical
assay, GST-pull-down assay, using overexpressed proteins. Since Estlp is not the
telomerase catalytic subunit, and it might be function as a recruiter of telomerase, I
proposed that Cdc13p recruits telomerase complex to telomeres by interacting with Estlp
for the G-strand synthesis. I also proposed that the Pol o is the C-strand re-synthesis
enzyme. The direction of the G-strand and the C-strand synthesis is opposite. Cdc13p
balances the two opposite movements by interacting with Pollp and Estlp. The balance
of the two opposite movements is one of the mechanisms to regulate telomere length.
These data should help us to further understand mammalian telomere replication.




APPENDED TO THE SUMMARY
1. Research Accomplishments:

-Identified the interaction between Cdc13p and Pollp, the catalytic subunit of

DNA polymerase o.

-Identified interaction between Cdcl3p and Estlp, an essential protein for
telomerase activity.

-Discovered the importance of the Cdc13p-Pollp interaction.

-Discovered that Pollp is responsible fore the C-strand synthesis during
telomere replication.

-Discovered that a new role of Cdc13p in telomere replication is to control

telomere length.
2. Reportable Outcome
Manuscript in preparation:

The Saccharomyces telomere binding protein Cdc13p interacts with both the catalytic
subunit of DNA polymerase I and the telomerase associated Est1p protein




